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[57] ABSTRACT

A method of inhibiting algae growth on an asphalt
shingle surface exposed to varying humidity using a
blend of copper-containing algae-resistant granules and
non-algae-resistant granules. The copper-containing
algae-resistant granules comprise a substrate granule
having at least one inner ceramic coating layer compris-
Ing cuprous oxide and a seal coating having a thickness

covering the inner layer and which is at time t, devoid
of copper.
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METHOD OF INHIBITING ALGAE GROWTH ON
ASPHALT SHINGLES

CROSS REFERENCE TO RELATED
APPLICATIONS

'This application is a continuation-in-part of assignee’s
application Ser. Nos. 07/945,127 and 07/945,128, both
filed Sep. 15, 1992.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to limestone-filled asphait shin-
gles and methods of use thereof to inhibit algae growth
on such shingles exposed to varying humidity. The
asphalt shingles employ ceramic-coated inorganic gran-
ules, both algae-resistant and nomn-algae-resistant, de-
scribed in assignee’s copending Ser. No. 07/945,128.

2. Description of Related Art

Roofing granules, both natural and artificially color-
coated, find extremely wide use in roofing and siding
materials. Important applications are in granular sur-
faced bituminous roll roofing and asphalt shingles. The
granules, which are partially embedded in one surface
of asphalt-impregnated and/or asphait-coated fiber
sheet material, form a coating to provide an inherently
weather-resistant, fire-resistant, and decorative exterior
surface. “Weather-resistant” as used herein includes

ultraviolet (UV) radiation-resistant.

Skadulis (U.S. Pat. No. 3,528,842) describes roofing
granules which contain an algicide, such as cuprous
oxide. As explained by Skadulis, methods have long
been known to artificially color roofing granules. This
consists primarily of utilizing crushed and screened
minerals, in which the granules are coated with a suit-
able pigment contained in an inorganic matrix or bond.
The bond 1s usually applied in the form of a soluble
silicate solution and is insolubized either by heat treat-
ment or a combination of heat treatment and chemical
action. This yields a substantially water-insoluble coat-
ing which is strongly adhered to the base granule. In
carrying out these methods, the pigment 1s typically
uniformly applied to the granular surface with the solu-
ble silicate solution. The soluble silicate solution is con-
verted to an insoluble state by heat treatment and chem-
ical action, as by the addition of clay or an acidic mate-
rial. This can occur either before, during or after the
application of the soluble silicate and pigment mixture
onto the mineral granules, in order to obtain a reaction
between the clay or acidic material and the alkaline
portion of the silicate.

U.S. Pat. No. 3,507,676 (McMahon) describes zinc-
compounds which contain algicidal surfacing granules.
The roofing granules contain either zinc metal, zinc
oxide (ZnO) or zinc sulfide (ZnS), rather than copper-
containing compounds patented by Skadulis. McMahon
teaches the use of a pigment grade ZnO in either a first
or second coating, with concentrations of about 10
grams (“gms”) ZnO per kilogram (“kg”) of inorganic
roofing granules. McMahon noted that ZnO had been
previously used in pigmented granules as an insolubili-
zation agent or pigment, but was utilized in quantities
insufficient to be useful for long-term algae-resistance.

Lodge et al. (U.S. Pat. No. 3,255,031) describes the
use of a small amount of a borate, such as “borax” and
the like, 1n clay-silicate coating compositions. The addi-
tion of about 2 gms borate per kg of inorganic roofing
granules apparently allows the temperature of the firing
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kiln to be reduced below about 450° C., and results in a
roofing granule which does not need to be treated with
pickling agents to insolubilize the coating. Color bene-
fits such as “lightening” of the color of all pigmented
granules and “whitening” of dark-pigmented granules
are derived from the use of borate-clay-silicate coatings.
Lodge et al. further disclose that borates can be used in
a single coating process or in the inner or outer coating
of a two layer coating system. Skadulis and McMahon
also disclose that borates may be used in the processes
of making ceramic-coated roofing granules.

In the preparation of ceramic-coated roofing granules
it 1s important that the resulting granule exhibit a “low
alkalinity” (defined by a test described herein). A low
alkalinity is indicative of the thoroughness of insolubili-
zation of the ceramic coating. It is also important that
the resulting granules adhere to bituminous surfaces,
such as asphalt, with a limited degree of adhesive failure
as opposed to cohesive failure of the asphalt. It would
thus be advantageous if ceramic-coated roofing gran-
ules could be made to have improved adhesion while
exhibiting an alkalinity which is initially low and re-
mains low for an extended period of time. The present
invention is drawn to such ceramic-coated inorganic
granules, methods of making such granules, and a com-
posite sheet body for roofing and siding which includes
such granules.

Other patents which are evident of the state of the art
include U.S. Pat Nos. 1,720,708; 2,070,359; 2,091,991;
2,111,131; 2,225,867; 2,981,636; 3,046,188; 3,484,267;
3,494,727; 3,507,676; 3,598,627; 3,752,696; 3,826,825;
3,884,706; 3,888,176; 3,888,682; 3,888,683; 3,888,684;
3,894,877; 3,985,540; 3,998,644; 4,088,810; 4,092,441:
4,359,503; and 4,378,408.

In particular, U.S. Pat. No. 2,111,131 discloses that
small but highly effective amounts of zinc oxide may be
dissolved in sodium silicate by effecting the dissolution
at elevated temperatures and pressures, such as by intro-
ducing steam into an autoclave containing zinc oxide
and the silicate. U.S. Pat. No. 2,225,867 discloses that
the effectiveness of copper oxides (especially cuprous
oxide) as an algicide is increased by the presence of zinc
oxide. Furthermore, the grade of zinc oxide (i.e. purity,
source, and the like) was not a factor in the efficacy of
inhibiting algae growth.

Minnesota Mining and Manufacturing Company, St.
Paul, Minn. (“3M”) has commercialized since 1990
pigmented roofing granules known under the trade
designation ““Series 7000” including “7050” granules
These granules have three insolubilized silicate-clay
coatings, the first two coatings each having about 35
gms cuprous oxide per kg substrate inorganic granules,
with the third coating having no cuprous oxide but
alternatively containing pigments to render desired
color. None of the three coatings contain zinc oxide or
borate.

Assignee’s copending application Ser. No.
07/945,128, filed Sep. 15, 1992, of which the current
application is a continuation-in-part, describes roofing
granules similar to the afore-mentioned LR-7000 and
L.R-7070 granules, but incorporating zinc oxide made
by the “French process” and a borate in the outer ce-
ramic coating.

Assignee’s copending application Ser. No.
07/945,127, filed Sep. 15, 1992, also describes algae-
resistant granules similar to the afore-mentioned LR-
7000 and LR-7070 granules. The 127 application de-
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scribes improvements in the color matching of algae-
resistant granules and the corresponding non-algae-
resistant granules i1ncluding zinc oxide made by the
so-called French process and a borate compound in the
third layer of a three layer ceramic coating. >

Zinc oxide made by the so-called French process and
the so-called American process are discussed in detail in
Kirk-Othmer, Encyclopedia of Chemical Technology,
Vol. 24, 3rd Ed. John Wiley & Sons (New York) pp.
854-863. 10

The roofing industry continually strives for methods
of inhibiting algae growth on asphalt roofing materials
which will be effective for prolonged time periods,
especially in varying humidity and pH conditions. Cur-
rently, algae-resistant granules may be produced having
varying levels of copper therein. For example, algae-
resistant granules may be produced having ‘loadings”
of 40, 60, or 120 1bs copper/ton of granules (20, 30, or
60 grams/kilogram), depending on the particular pro-
duction run. In many instances users of algae-resistant
granules select the time required for effective algae
inhibition and inform their manufacturer or supplier of
this requirement. The manufacturer or supplier may not
have 30 gram per kilogram granules in stock but may
have 20 and 60 gram per kilogram granules. It would
beneficial if manufacturers and suppliers could immedi-
ately meet the customer’s needs for algae-inhibiting
granules using available granules.

SUMMARY OF THE INVENTION 30

In accordance with the present invention, the inven-
tors herein have discovered that algae-resistant (“AR”)
roofing granules made in accordance with the above-
mentioned *128 application may be effectively blended ;5
with non-algae-resistant (“NAR”’) granules in nonobvi-
ous blend ratios to inhibit algae growth for prolonged
periods. This discovery 1s especially useful in varying
humidity and pH conditions, such as routinely occur on
asphalt shingles exposed to dew. 40

In particular, it has been discovered that for a given
weight of copper per total weight of AR and NAR
granules, higher blend ratios (defined as weight of AR
granules/weight of NAR granules) used with lower
copper weight loadings per AR granule surprisingly 4s
provide algae-inhibiting shingles exhibiting enhanced
algae-resistance. As used herein ‘“enhanced” algae-
resistance means the shingle remains effective in inhibit-
ing algae growth for a longer time period.

The invention is a method of inhibiting algae growth 5q
on an asphalt shingle surface exposed to varying humid-
ity using a blend of copper-containing algae-resistant
granules and non-algae-resistant granules. The copper-
containing algae-resistant granules comprise a substrate
granule having at least one inner ceramic coating layer s5s
comprising cuprous oxide and a seal coating having a
thickness covering the inner layer and which 1s at time
todevoid of copper. The method comprises the steps of:

(a) selecting a period of time trduring which effective
algae inhibition on the surface is to be achieved; 60

(b) selecting an initial loading of cuprous oxide in the
inner ceramic layer of the copper-containing algae-
resistant granules; -

(¢) calculating a weight ratio of copper-containing
algae-resistant granules to non-algae-resistant gran- 65
ules to achieve a leach rate of copper 1ons through
the seal coating of the copper-containing algae-
resistant granules at time tr necessary to achieve
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effective algae inhibition on the surface at time tg
and

(d) providing the copper-containing algae-resistant

granules and the non-algae-resistant granules in the
weight ratio calculated in step (¢) on an asphalt
shingle surface.

As the previous paragraph indicates, the method of
the invention employs a combination of algae-resistant
and non-algae-resistant granules. The algae-resistant
granules are characterized by having an inorganic sub-
strate and a ceramic coating having at least two ceramic
coating layers, the ceramic coatings comprising the
reaction product of an alkali metal silicate and an alumi-
nosilicate which is reactive with the alkali metal silicate.
The outermost or “seal” coating preferably has from
about 1 to about 5 gms zinc oxide per kg substrate gran-
ules, the zinc oxide having an average particle size less
than about 0.13 micrometer, more preferably less than
about 0.10 micrometer (in other words zinc oxide made
by the French process, or “ZFP”). A borate compound
1s also present in the seal coating, the weight ratio of
ZEFP to borate compound ranging from about 0.5:1 to
about 2:1, more preferably ranging from about 1:1 to
about 2:1.

The inner coating of the algae-resistant granules may
comprise one or more layers. Preferred are algae-resist-
ant granules having as the inner layer a ceramic coating
over the base granule, and a second ceramic layer over
the first layer, in which the ratio of an algae-resistant
copper compound to ZEP in the first and second layers
1s substantially equal (within 4+/—5 gms), the ratio
ranging from about 7:1 to about 15:1, more preferably
from about 7:1 to about 10:1 in each layer. As used
herein the term “copper compound” means a com-
pound which contains cuprous ion (Cul+) or cupric ion
(Cu2-+) and which is at least slightly soluble in water.
The term is meant to include cuprous oxide, cupric
oxide, cupric stearate, cupric sulfate, cupric sulfide,
cuprous cyanide, cuprous thiocyannate, cuprous stan-
nate, cupric tungstate, cuprous mercuric i1odide, and
cuprous silicate, or mixtures thereof. The preferred
copper compound for the purposes of this invention is
cuprous oxide (Cup0). Algae-resistant granules of this
construction are described 1n the above-mentioned 128
application, the description of which is incorporated
herein by reference.

If the AR and NAR granules are both pigmented and
algae-resistant, preferably they should exhibit color
parameters as compared with standard NAR granules.
This signifies that the granules are indistinguishable by
the human eye from non-algicidal granules, as taught in
assignee’s copending application Ser. No. 07/945,127,
incorporated herein by reference. The method of com-
parison utilizes Hunter’s color spaces of L*, a*, and b*.
For further explanation of these color spaces, see Bill-
meyer, F. W. and Saltman, M., Principles of Color Tech-
nology, 2nd Ed., John Wiley & Sons (New York) pp.
62-64.

Further aspects of the present invention will be un-
derstood with reference to the following drawing and
description.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 1s a schematic graph of blend ratio versus
estimated years of 100% effective algicidal action at
C*=38, assuming a critical Cu?+concentration of 0.5
parts per million.
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DESCRIPTION OF PREFERRED
EMBODIMENTS

Inorganic Granules |

As used herein the term “granule” is used broadly
and 1s intended to mean particles having a diameter
ranging from about 425 to about 1600 micrometers. The
terms ‘“‘algicidal” and “algae-resistant” when referring
to granules or chemicals means granules or chemicals

S

having the capability to kill or inhibit the growth of 10

algae commonly associated with causing discoloration
of roofs and other surfaces. McMahon (U.S. Pat. No.
3,507,676) identified the dominant organism causing
such discolorization as the alga Gloeocapsa magma.
Several other strains of algae along with some fungi are
also considered to be inhibited or killed by granules
and/or chemicals within the meaning of the terms “algi-
cidal” and “‘algae-resistant.”

The zinc oxide amount and average particle size, and
the amount of borate compound, in at least the outer-
most ceramic coating are critical aspects of the inven-
tion. The combination of ZFP with borate compounds
such as borax, Na;B407¢10H,0, in weight ratios of
ZFP to borate ranging from about 0.5:1 to about 2:1,
allows the attainment of low initial alkalinity granules
(5-minute alkalinity preferably ranging from about 0.1
to about 0.3). Further, the alkalinity stays at a low value
for a longer time (21-hour alkalinity ranging from about
0.3 to about 0.5) when ZFP and borate compounds are
used in the coatings of the granules described herein.

The seal coating has a controlled surface morphology
and thus regulates the leaching of copper ions there-
through. The leaching of the metal ion species is such
that it exceeds 0.3 ppm/100 g granules/24 hours/100
grams liquid at pH=6 and 60° C., as described in the
examples, and can be controlled in a range up to a maxi-
mum of about 40 ppm/100grams/24 hours/100 grams
liquid, also at 60° C. AR granules constructed in this
manner may be formulated to have a leach rate greater
than 30 years, which many users demand. Weight ratio
of AR granules to NAR granules on asphalt shingles
may thus range from about 5 to about 100 percent, with
a corresponding amount of copper ranging from about
6 Ibs/ton to about 150 lbs/ton (3 grams/kilogram to
about 75 grams/kilogram), so that the effective time of
algae inhibition may range from 3 to 30 years.

Adhesion to bituminous surfaces is also improved
using ZFP and borate compounds. Adhesion is de-
scribed in terms of wet and dry “pick tests” which are
described in detail in the Test Methods Section. The dry
and wet pick values have units of percent (%), with a
higher number indicating better adhesion, a low number
indicating cohesive failure of the bituminous surface to
which the granule is adhered, rather than adhesive fail-
ure of the granule from the surface. Preferred values for
dry pick are at least about 75%, whereas for wet pick
the value is at least about 50%, more preferably at least
about 70%.

ZFP 1s typically and preferably present in at least the
outermost ceramic coating layer at an amount ranging
from about 1.0 gm to about 5.0 gms per kg substrate
granules. It is not necessary for the borate compound to
be present in the exact amount that ZFP is present; in
fact, the ZFP/borate compound weight ratio can vary
between about 1.0:1 and about 2.0:1, more preferably
from about 1.3:1 to about 1.7:1. Most preferably the
ratio is about 1.5:1.
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A preferred inorganic granule in accordance with the
invention is that wherein the borate compound is pres-
ent at least 0.5 gm per kg of substrate granules but at no
case more than about 2.5 gms per kg of substrate gran-
ules, and wherein the zinc oxide is present at least 0.5
gm per kg of substrate granules but at no case more than
about 2.5 gms per kg of substrate granules.

The preferred borate compound 1s borax; however,
other borates may be utilized, such as zinc borate, so-
dium fluoroborate, sodium tetraborate-pentahydrate,
sodium perborate-tetrahydrate, calcium metaborate-
hexahydrate, potassium pentaborate, potassium tetrabo-
rate, and mixtures thereof. An alternative borate com-
pound 1s sodium borosilicate obtained by heating waste
borosilicate glass to a temperature sufficient to dehy-
drate the glass.

The preferred algicidal copper compound of the in-
ventive granules (if the granules are to be algicidal) is
cuprous oxide (Cuz0), which oxidizes to the cuptic
(24 ) state upon exposure to an aqueous reducing agent.
Although it would be advantageous to use cupric oxide
directly, cuptic oxide is more expensive than cuprous
oxide, and cupric oxide is less soluble than cuprous
oxide in acidic conditions. There appears to be three
colors of cuprous oxide known in the art: red, vellow,
and purple. There is no preference to any of these in the
present invention because cuprous oxide oxidizes to the
black cuptic oxide, although, of course, when a dark
colored granule is desired one would preferably use the
purple version of cuprous oxide.

Other useful copper compounds useful as algicides in
the granules of the invention include cupric bromide,
cupric oxide, cupric stearate, cuptic sulfate, cupric sul-
fide, cuprous cyanide, cuprous thiocyannate, cuprous
stannate, cupric tungstate, cuprous mercuric iodide, and
cuprous silicate, or mixtures thereof.

As above described, the amount of copper compound
in the inner (typically first and second) ceramic coatings
is an important aspect of the invention. The amount of
cuprous oxide, the preferred copper compound, used in
each of the first and second ceramic coatings may range
from about 30 to about 40 gms per kg of inorganic
substrate granule, more preferably from about 34 to
about 36 gms per kg of inorganic substrate granules.

The fact that the first and second ceramic coatings
have about the same amount of cuprous oxide allows for
optimizing the process of supplying the granules with
algicide, since the amount of algicide does not have to
be changed between the first and second coating steps.
Although not completely understood, it is contem-
plated by the inventors herein that algicidal granules
having a more uniform release of algicide from their
exposed surface (i.e, that portion of the granule not
adhered to a surface but exposed to the environment)
are achieved by the seal coatings described herein. As
observed in the examples which follow, it appears that
the seal coatings described herein control release of
copper 1ons more effectively than previously known
seal coatings or granules devoid of any seal coating.
This allows higher initial loadings of copper in the AE
granules. This is an important aspect, since it has been
observed that algae may begin to grow on asphalt sin-
gles even if there is a “residual” amount of copper pres-
ent.

In algicidal granules of the invention having three
ceramic coating layers, all three layers preferably con-
tain ZFP. The cuprous oxide/ZFP weight ratio may
range from about 7:1 to about 15:1, more preferably
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from about 7:1 to about 10:1, in both the first and second
layers.

The inorganic substrate granules of the invention are
conventional and may be selected from any one of a
rather wide class of relatively porous and weather-
resistant rocks, minerals, or recycled materials. Exam-
ples of relatively porous materials are trap rocks and
slates. Examples of relatively non-porous rocks or min-
erals are argillite or greystone (such as the large grey-
stone deposits located north of Wausau, Wisconsin),
greenstone, certain granites and the like. Normally, it 1s
preferred to employ the relatively non-porous rocks,
although even these rocks have a substantial porosity as
compared to the ceramic coating on the inorganic sub-
strates.

Aqueous sodium silicate is the preferred alkali metal
silicate due to its availability and economy, although
equivalent materials such as potassium silicate may also
be substituted wholly or partially therefore. The alkali
metal silicate may be designated as M>0:Si10», where M
represents an alkali metal such as sodium (Na), potas-
sium (K), mixture of sodium and potassium, and the like.
The weight ratio of SiO3 to MO preferably ranges from
about 1.4:1 to about 3.75:1. Ratios of 2.75:1 and 3.22:1
are particularly preferred, depending on the color of the
granular material to be produced, the former preferred
when light colored granules are produced, while the
latter is preferred when dark colored granules are de-
sired.

The aluminosilicate used in the ceramic coatings is
not critical but is preferably a clay having the formula
AlSiHOs(OH)4. Another preferred aluminosilicate is
kaolin, Al1O3e2S5107¢2H,0, and its derivatives formed
either by weathering (kaolinite), by moderate heating
(dickite), or by hypogene processes (nakrite). The parti-
cle size of the clay is not critical to the invention; how-
ever, it is preferred that the clay contain not more than
about 0.5 percent coarse particles (particles greater than
about 0.002 millimeters in diameter). Other commer-
cially available and useful aluminosilicate clays for use
in the ceramic coating of the granules in the present
invention are the aluminosilicates known under the
trade designations “Dover’ from W.R. Grace Chemical
Company, Mcintyre, Ga. and “Sno-brite” from Evans
Clay Company, Mcintyre, Ga.

Pigments useful in the invention include carbon
black, titanium dioxide, chromium oxide, yellow iron
oxide, phthalocyanine green and blue, ultramarine blue,
red iron oxide, metal ferrites, and mixtures thereof. One
preferred pigmented algicidal granule is a black granule
wherein the pigment consists essentially of a mixture of
two carbon blacks and chromium oxide, the first carbon
black having an average particle size ranging from
about 50 to 100 nanometers, more preferably from 70 to
80 nanometers, and the second having an average parti-
cle size ranging from about 15 to 50 nanometers, more
preferably from about 20 to 30 nanometers. In these
black granules the total amount of carbon black prefera-
bly ranges from about 1.0 to 2.0 gms per kg substrate
granules, with the weight ratio of larger particle size to
smaller particle size carbon black ranging from about
3.0 to 5.0. The amount of chromium oxide may range
from about 1.25 to about 1.75 gms per kg substrate
granules. One carbon black having a particle size of 25
nanometers is known under the trade designation
“Black Pearls 130”. A carbon black having a particle of
75 nanometers is known under the trade designation
“Black Pearls 490”. Both are available from the Cabot
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Corporation. Black algae-resistant granules which col-
or-match with black non-algae-resistant granules are the
subject of assignee’s copending application Ser. No.
07/945,127, previously incorporated herein by refer-
ence.

A dispersant is typically and preferably used to dis-
perse the carbon black or other fine particle size pig-
ments used in the invention. One such dispersant is the
sodium salt of sulfonated naphthalene-formaldehyde
condensate known under the trade designation “Blancel
N, available from Rhone-Poulenc Surfactants & Spe-
cialties, Cranbury, N.J. The dispersant is typically used
in an amount ranging from about 0.01 to about 1.0 gm
per kg of substrate granules. When a mixture of two or
more carbon blacks is used, as described abowve, the
amount of dispersant more preferably ranges from
about 0.03 to about 0.1 gm per kg substrate granules.

Prior to their use on bituminous sheet materials, all
granule embodiments of the invention may be post-
treated to reduce dust generation during processing and
to improve adhesion to the materials used in such
sheets, such as asphalt. Typical treatments, though not
the subject of the present invention, include oils, such as
silicone oils and aqueous inorganic chemical solutions,
such as solutions of magnesium chloride, and the like.
One useful silicone o1l is known under the trade designa-
tion “Tegosivin HL15M7”, an organostloxane silicone
oil, available from Goldschmidt Chemical, Hopewell,
Va. Traditionally, slate oil, such as that available from
Cross Oil & Refining Co. Inc., Smackover, Ark., has
also been utilized for dust control.

Bituminous Sheet Materials

Bituminous sheet materials such as roofing shingles
may be produced using the methods of the invention.
Roofing shingles typically comprise materials such as
felt, fiberglass, limestone fillers, and the like. Applica-
tion of a saturant or impregnant such as limestone-filled
asphalt is essential to entirely permeate the felt or fiber-
glass base. Typically, applied over the impregnated base
is a waterproof or water-resistant coating, such as lime-
stone-filled asphaltum, upon which is then applied a
surfacing of mineral granules, which completes the
conventional roofing shingle. Unfortunately, limestone
is a macronutrient for Gloeocapsa magma.

If algae-resistant granules are used, the surface may
be comprised entirely of algae-resistant granules, more
preferably, combined with non-algae-resistant granules
of the invention (or previously known algae-resistant
and non-algae-resistant granules) of the same or differ-
ent color. The proportion of algae-resistant to non-
algae-resistant granules may vary over a wide range,
depending on the type of algae or fungi that 1s to be
resisted or killed, the climate, the length of time the
algicidal effect is to be, and the like. Generally, 1t has
been found that granules of the invention have proved
effective at retarding growth of algae when present on
surfaces in finely divided form in amounts sufficient to
provide at least about 2.0 kg per 10 square meters of
roofing surface.

It has also been discovered that lower loadings of
copper using higher blend ratios of AR to NAR gran-
ules provide longer effective algae inhibition than when
high loadings and low blend ratios are employed. This
is surprisingly true even though the total weight of
copper initially employed is equal for the two shingles.

- This relationship is illustrated graphically in FIG. 1,

which is a plot of “blend ratio”of AR to NAR granules
versus “estimated years of 100% effective algaecidal
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action.” FIG. 1 illustrates three curves; A, B, and C,
with curve A indicating 20 grams/kilograms, curve B is
30 grams/kilograms, and curve C is 60 grams/kilograms
of copper loading in the AR granules. Note that a blend
ratio of 30%, using 40 lbs/ton copper loading (20 5
grams/kilogram), provides effective algaecidal action
of about 23 years, while a blend ratio of 20% using
granules having 60 lbs/ton copper loading (30 grams/-
kilogram) provides only about 18 years effective algi-
cidal action. This 1s true even though the amount of 10
copper on the shingle 1s the same.

The curves of FIG. 1 were developed from modeling
studies performed using actual algicidal action data
from an atmospheric exposure deck in Houston, Tex.,
over a period of 12 years. The shingle exposed for 12 15
years was an asphalt shingle having 100% AR granules,
the granules having an original copper loading of 6
lbs/ton (3 grams/kilogram). This exposure data re-
vealed the unusual and unexpected problem that algae
infestation began when there was still copper remaining 20
in the granules leaching at the “critical” leach rate (the
leach rate required to produce a concentration of Cu?+
ion 1n the dew on the shingle of about 0.5 parts per
million (ppm). In other words, there appeared to be
residual “non-useful” metal species present. Prior to 2°
recognition of this problem 1t had been thought that
algae grew only when copper (Cupy0O) was completely
depleted from the granules. The present invention al-
lows compensation for this unexpected problem by
adding more than the intuitively required amount of the
algae inhibiting copper to the AR granules to ensure
that the Cu2+ concentration remains adequate to pro-
vide the critical leach rate.

The curves of FIG. 1 were developed from the Hous-
ton exposure data mentioned above. A model was hy-
pothesized to calculate the mass of CuyO remaining in

the coating in which it was originally contained, so that
the leaching and blend ratios necessary to prevent algae
infestation could be predicted. The equation used was as
follows:

30

35

+ (1)
M) =M, — fﬂ C(Hdt

45

where C is the leach rate of Cu?+ ion through the seal
coating, which changes with time as the Cuy0 is de-
pleted in the granules. The leach rate (dM/dt)=C is the
first derivative of with respect to time of eguation 1. If
the seal coating is assumed to be the rate limiting factor 20
in leaching of Cu?+ from the granules, the leach rate C
can be described as for a spherical granule having a core
containing CuzO and a seal coating of thickness defined
by Ro—R; (outer and inner seal coating diameter) as
follows: 33

mdg — Mdsp (2)

| 1 1
4mwpD4p R; R, 60

wherein ma;; and ma,, are mass fractions of Cu?+ at the
inner and outer surfaces of the seal coating, respec-
tively, Dyp is a diffusion coefficient of Cu2+ ion
through the seal coating, and p 1s the density of the seal 65
coating. By substituting (2) into (1) and integrating, the
leach rate may be represented by equation 3:

10
C=(—M,/CHexp(—1t/C") (3)

wherein M, is the mass of copper in the core at t=0, and
C® is a constant which depends only on the core total
mass, core density, diffusion coefficient of Cu?+
through the seal coating, and the inner and outer radius

of the seal coating.

Methods of Making Granules

The inventors herein have furthermore found that the
order of addition of ingredients 1s critical to the success
of maximizing the effectiveness of ZFP in improving
(increasing) adhesion of granules to asphalt, reducing
alkalinity of the resultant granules, and providing the
surface morphology necessary to control copper 1on
leach rate.

The inventors have surprisingly found that in order
to produce a granule exhibiting a 5-minute alkalinity
ranging from about 0.1 to about 0.3 and a 21-hour alka-
linity ranging from about 0.3 to about 0.5, and which
exhibits a dry adhesion of at least about 75% and a wet

adhesion of at least about 50%, the ingredients of the
ceramic coatings are preferably combined in a certain
order.

In particular, a coatable slurry is formed by first
forming a dispersion of ZFP via agitation by combining
water and an alkali metal silicate, after which ZFP 1s
added, with a dispersant being optional. The dispersion
of ZFP is then combined with an aluminosilicate and a
borate compound to form a coatable slurry which is at
room temperature (about 20°-30° C.).

Inorganic substrate granules, preheated to about
125°-140° C. in a rotary kiln or by equivalent means are
then coated with the slurry to form a plurality of slurry-
coated inorganic granules. The water flashes off as the
temperature of the granules drops to about 50°-70° C.
The slurry-coated granules are then heated for a time
and at a temperature sufficient to form a plurality of

ceramic-coated inorganic granules. Typically and pref-
erably the slurry-coated granules are heated at a tem-

perature of about 480° C. to about 530° C. for a time
ranging from about 1 to about 10 minutes. Those skilled
in the art will recognize that shorter times may be used
at higher temperatures. The heat typically and prefera-
bly emanates from the combustion of a fuel, such as a
hydrocarbon gas or oil. The desired color of the gran-
ules may be influenced somewhat by the combustion
conditions (time, temperature, % oxygen the combus-
tion gases, and the like).

Preferred are those methods wherein the ZFP is
dispersed in water and alkali metal silicate for about 24
hours before addition of the borate and aluminosilicate.
More preferably, the ZFP is dispersed in water and
alkali metal silicate at temperature ranging from about
147° C. to about 186° C. and pressure ranging from
about 0.3 MPa to about 1.1 MPa, and held for about 24
hours at these conditions, in accordance with the
method of the aforesaid U.S. Pat. No. 2,111,131, An-
other preferred method is wherein algae-resistant gran-
ules are produced, as by the method mentioned above in
the Summary of the Invention.

It is understood that other additives and pigments
may be added to the slurries as desired, provided that
the ZFP, water, and agueous alkali metal silicate are
combined first as described. The slurries are typically
applied to substrate granules with a mixer such as a
tumbling-barrel type of mixer. |

When coating the granules with the slurries in a labo-
ratory setting, the granules and slurry are mixed for



5,356,664

11

several minutes until the granules are evenly coated
with the slurry, and then the slurry-coated substrate
granules are dried with warm air from a warm air gun
until they have a free flowing consistency.

The invention will be further described with refer- 5
ence to the following Test Methods and Examples. In
the following Examples, all parts and percentages are
by weight unless otherwise specified.

TEST METHODS

Alkalinity Test

This test provided a measure of the unbound, soluble
alkali metal content remaining in a ceramic coating
made from reacting an alkali metal silicate and an alumi-
nostlicate clay. The silicate binder reacts (when cal-
cined at temperatures preferably at about 500° C.) with
an aluminosilicate clay, and the reaction product forms
a water insoluble ceramic coating. The remaining solu-
ble alkali metal (mostly typically in the form of NaCl or
other alkali metal chloride) is an indirect measure of the
extent of insolubilization of the ceramic coating.

S-Minute Alkalinity Test

For each test run, 100 milliliters (ml) of boiling water
was poured into an Erlenmeyer flask (which had previ-
ously been boiled free of soluble alkali). 25 gms of gran-
ules to be tested were added to the boiling water as
were 3 drops of phenolphthalein indicator (turning
point pH=9, where “pH” is defined as the negative
base ten logarithm of the hydrogen ion concentration).
The water, granules and indicator were boiled for a
period of 5 minutes. Decantation of the boiling water
was performed into an Erlenmeyer flask. Approxi-
mately 10 ml of fresh cold distilled water was then
added onto the boiled granules and swirled. The water
was then added to the original boiled water that had
already been decanted.

The total amount of water was then titrated to end-
point using a digital buret titration device commercially
available from the Brinkmann Company. If the solution
was pink immediately after addition of the indicator,
that indicated the solution had a pH above 9.0, so the
solution was titrated with acid, (sulfuric acid (0.1N)). If
the solution was not pink immediately after addition of
the indicator, the solution had a pH less than 9.0, and
thus needed to be titrated to end-point using a base, 45
(0.IN sodium hydroxide).

The ml of acid or base required to reach end-point is
called the “alkalinity”. The alkalinity is positive when
using acid, negative when using base. To clarify this
procedure, the following theoretical examples are of- 50
fered:

Theoretical Example 1
100 gms of granular materials are prepared as above.
The decanted solution is pink, and 1.4 ml of
sulfuric acid is added to the solution to reach end- 55
point (end-point is reached when the phenol-
phthalein indicator turns color from pink to clear).

The alkalinity for this example would be 4 1.4.
Theoretical Example 2

100 gms of granular materials are prepared as above. 60
The decanted solution is clear, and requires 0.5 ml of
sodium hydroxide to make the solution turn pink,
thereby indicating end-point.

The alkalinity of this example would be —-0.50.

For granular materials of the invention, any alkalinity 65
result between —2.0 and +2.0 is acceptable. In general,
alkalinity values that are less than 0.2 units apart are
considered to be essentially the same value.
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15-Minute Alkalimity Test
This test was identical to the 5-minute Alkalinity Test
except that the water, granules, and indicator were
boiled for exactly 15 minutes.
21-Hour Alkalinity Test
External factors which might cause granules to be-
come highly alkaline can result in poor adhesion. For
example, when a shingle manufacturer packages shin-
gles hot and wet and the heat 1s retained in a bundle of
shingles, granules that are not properly neutralized can
revert to the alkaline state. Thus, a granule that has an
alkalinity of 4 2.0 (at the time of manufacturing) might
develop an alkalinity of + 8.0 after heating to 52° C. and
high humidity. Thus, a granule which retains its 5-
minute alkalinity is preferred.
The procedure for 21-hour alkalinity was similar to
the 5- and 15-minute Alkalinity Tests, except that after
the granules were added to the distilled water, the flask
stoppered and then placed in an oven maintained at 49°
C. for 21 hours. After 21 hours, the solution in each case
was decanted into a clean 250 ml Erlenmeyer flask and
the granules rinsed once with 10 ml of cold distilled
water. The rinse water was added to the decanted solu-
tion, 3 drops of phenolphthalein added, and the solu-
tions titrated as in the 5- and 15-minute alkalinity tests.
Adhesion Tests (Dry and Wet Pick Tests)
The pick test is a practical test to predict the adhesive
characteristics of roofing granules toward asphalt.
Sized granules were dropped into hot asphalt and when
the asphalt had cooled to about room temperature, the
granules were picked out of the asphalt. The granule
surface which had been in contact with the asphalt was
observed for the amount of asphalt adhering to it. If the
surface of the granule was well coated with asphalt, the
granule had a good “dry” pick test value. Any reading
above 60% coverage of the contact surface is consid-
ered satisfactory.
Effects of water upon adhesion were obtained by
submerging the asphalt-granule combination under
water for 18 hours. Afterwards, observation of the per-
cent contact surface covered by asphalt was measured.
Values above the 30% are considered excellent and
values above 10% are considered satisfactory.
I. Preparation of Granule
Full grade granules were screened through a #14
screen (US mesh) (average particle size of 1.4 mi-
crometers) and those granules which remained on
the screen were used in the Examples and Test
Methods.

Il. Preparation of Asphalt

A coating asphalt obtained from a typical mid-conti-
nent (US) crude oil was used as obtained from
Richards Asphalt Co., Savage, Minn. The asphalt
was heated to 176° C. in a 4.4 liter can with a loose
cover until the viscosity of the asphalt was fluid.
Any skin which formed on the molten asphalt sur-
face was removed before using. Narrow strips of
the fluid asphalt were poured onto a release paper
and cooled to room temperature. Charred asphalt
was removed by picking it from the strips of cooled
asphalt.

HI. Procedure of Pick Test

J gms of prepared asphalt was placed in a can having

approximate diameter of about 6 centimeters (cm).
The asphalt and can were then placed in a dispatch
oven at 176° C. for 10 minutes with full circulation
of air. After 10 minutes the can was removed from
the oven and tapped on a table top once to remove
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air bubbles. Granules to be tested were then sprin-
kled onto the top surface of the asphalt in the can
from a height of 30.5 cm or more. The can was
tapped on a table top three times to help embed the
granules 1n the asphalt. The can, asphalt, and gran-
ules were then left undisturbed and allowed to cool
to room temperature (approximately 0.5 hour).

The granules were first picked out of the cooled
asphalt on a dry basis. Only those granules which were
embedded well were examined. A picked granule was
examined to estimate the amount of asphalt that was
adhered to 1t. The estimate used a scale of 0-10, with
“0” meaning no asphalt adhered to the granule and “10”
meaning that the part of the granule embedded in the
asphalt was completely covered. Ten granules were
picked out of the asphalt for each of the 3 different times
(dry, 2 hours, and 18 hours) and their total recorded in
percent.

For the wet pick test, the procedure was to submerge
the granule covered asphalt in the same can for two
hours under 0.64 cm distilled water at room tempera-
ture. The granules were then re-evaluated. The experi-
ment is repeated for an additional 16 hours, and the

granules further re-evaluated.
When performing the pick test it was sometimes

noted that the asphalt had a tendency to crack or break
around the base of the granule. When this occurred, the
test result was 1gnored. In some cases, especially when
performing the wet pick tests, the can was held next to
a microscope light for about 10 seconds (on the lid) and
12-13 seconds (on the bottom) to slightly warm the

asphalt and prevent cracking.
I.each Rate Test

>
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To determine the concentration of Cu?+ in a leachate |

derived from AR granules, the following procedure
was utilized. A glass 8 ounce wide-mouthed jar was
charged with 100 grams cuprous oxide-containing gran-
ules to be tested, then with 100 mL of water having a
pH adjusted to 6. The pH adjusted water was prepared
separately by adding a few granules of KOH solid into
deionized water while monitoring the pH with a pH
meter (Orion Research Microprocessor Ionalyzer 901
calibrated with a pH 7 buffer). Upon addition of the pH
6 water to the granules, the granules had a “wet sand”
consistency. The jar with the granules and water was
then capped and placed in 2 warm water bath (VWR
Scientific Inc., Model 1240) at 60° C. for 24 hours. An
aliquot was then removed and analyzed by X-ray fluo-
rescence. A portable X-ray fluorescence instrument
(known under the trade designation “X-Met 880” from
Outokumpu Electronics Inc., Espoo, Finland) was used
for the Cu?+ ion concentration determinations. The
instrument was equipped with a curium-244 X-ray

source and a surface heavy element probe capable of

analyzing elements from titanium to uranium, including
COpper.

MATERIALS DESCRIPTION

The following materials are used in the Examples

which follow:

Cu20 1s cuprous oxide, available from American Che-
met, Inc.

Cry03 is chromium oxide, available from American
Chemet, Inc.

TiO, 1s titanium dioxide, available from Kerr-McGee
Chemical Corporation, Oklahoma City, Okla.

Zn0 1s zinc oxide made by the French process, avail-
able from Zinc Corporation of America, Monaca, Pa.
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Borax is NayB4O7*10H,0, commercially available from
Harcros Chemical, Inc., Little Rock, Ark.

Kaolin clay is about 46% Si103, 1.33% Fex0O3, 0.75%
TiO,, and 36% AlQOs3, with traces of calcium oxide,
magnesium oxide, sodium oxide, and potassium oxide,
and is available from Evans Clay Co., Summit, N.J.

Dover clay is a clay reactive with alkali metal silicate
solutions having composition Aly(Si2Os5)(OH)4, avail-
able form W.R. Grace, Mcintyre, Ga.

CB490 1s carbon black known under the trade designa-
tion “Black Pearls 490 from Cabot Corp.

CB130 1s carbon black known under the trade designa-
tion “Black Pearls 130” from Cabot Corp.

“Blancol N” 1s the trade designation for the sodium sait
of sulfonated naphthalene-formaldehyde condensate
avatlable from Rhone-Poulenc Surfactants & Special-
ties, Cranbury, N.J.

“Tegosivin HLL15M7” 1s an organosiloxane silicone oil,
available from Goldschmidt Chemical, Hopewell,
Va.

Slate oi1l, available from Cross Qil & Refining Co. Inc.,
Smackover, Ark.

0.1N sulfuric acid and 0.1N sodium hydroxide are avail-
able from American Scientific Products, Minneapo-
lis, Minn.

PROCEDURE 1 FOR COATING GRANULES FOR

ADHESION AND ALKALINITY TESTING

A dispersion of ZFP was mixed using 60 parts aque-
ous sodium silicate solution (39.4% solids, 2.75 ratio
S10s5t0 NayO), and 20 parts water. The dispersion was
formed by the autoclave method of U.S. Pat. No.
2,111,131, as described above, and the dispersion held
for 24 hours at a temperature of about 160° C. and pres-
sure of about 1 MPa. A slurry was then formed by
combining the still hot dispersion, 25 parts kaolin clay,
and 15 parts titanium dioxide. In each case the slurry
was mixed 1n a mixer at room temperature with a labo-
ratory scale mixer for about 10 minutes. Grade #11
greystone granules (—10/4+35 US mesh size) granules
(1.e. 1065 micrometers average particle size) were pre-
heated to 113° C. while tumbling through a rotary kiln
at a rate of about 908 kg per hour. The slurry was then
coated onto the preheated granules at a rate of about
900 kg per hour by mixing the preheated granules and
slurry in the mixer. The first slurry-coated granules
were then transferred to a rotary kiln and fired at 510°

C. for about 2 minutes.
PROCEDURE II FOR COATING GRANULES

FOR LEACH RATE TESTING

Grade #11 greystone granules (—10/+35 US mesh
size) granules (i.e. 1065 micrometers average particle
size) were preheated to 113° C. while tumbling through
a rotary kiln at a rate of about 49,940 kg per hour. The
granules were coated with two ceramic coatings con-
taining cuprous oxide at loading of 70 lbs/ton (35
grams/kilogram) for each coating, or a total of 140
lbs/ton (70 grams/kilogram). The first coating was
made essentially in accordance with the Procedure I
described above with the following changes: a slurry
was formed consisting of 60 parts clay, 70 parts cuprous
oxide, 3.5 parts ZFP, 80 parts silicate, and 39 parts
water. Slurry-coated granules were fired at a tempera-
ture of 950° F. (510° C.) for about 2 minutes.

‘The second ceramic coating was made from a slurry
essentially the same as that used to produce the first
coating except that 3 parts chrome oxide were included,
only 75 parts silicate were used, and only 38 parts water.
This slurry was also coated at a rate of about 49,940
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kg/hour, and fired at a temperature of 950° F. (510° C.)
for about 2 minutes.

For the third coating (seal coating), a slurry was
formed consisting of 3.5 parts ZFP, 45 parts aqueous
sodium silicate solution (39.4% solids, 2.75 ratio S10sto
NayO), 20 parts water, 20 parts clay (Dover), 4.5 parts
umber, 3.5 parts titanium dioxide, 4 parts chrome oxide,
0.15 part carbon black, and 1 part borax. The slurry was

then coated onto the preheated granules at a rate of

about 54,480 kg per hour at 510° C. for about 2 minutes.
The coating granules were then treated with a solution
containing 8 parts oil, and 0.3 part silicone.

EXAMPLES

Example 1 and Comparative Examples A and B

For Example 1, a coating precursor slurry was pre-
pared by mixing in a slurry pot with agitation the slurry
formed in PROCEDURE I FOR COATING GRAN-

ULES, 3.0 parts ZFP, and 2.0 parts borax. 2000 parts of
granules as described 1n the PROCEDURE 1 FOR

COATING GRANULES were coated with the coat-
ing precursor slurry in a rotary mixer and then dried
with a heated air gun while still in the mixer. The gran-
ules were then transferred to a rotary firing pot and
fired to 510° C. for about 2 minutes, and then cooled to
100° C. 1n a rotary cooler, then treated with 6 and 0.2
parts slate oil and silicone, respectively.

For Comparative Example A, a similar second coat-
able slurry precursor solution was prepared, only no

ZFP was added.
For Comparative Example B, a similar second coat-

able slurry precursor solution was prepared, only no

ZEP or borax was added.
The alkalinity and adhesion test results for granules

made in accordance with Example 1 and Comparative
Examples A and B were as follows (all alkalinity values

were “+4”):

Ex. 1 Ex. A Ex. B
5-min. alk. 0.26 0.9 1.1
15-min. alk. 0.44 1.5 1.6
21-hour alk. 0.46 1.8 2.0
dry pick 88 83 79
wet pick 72 29 22

Thus, although each of the ceramic coatings of exam-
ples 1, A, and B may be used as seal coatings to control
the leach rate of Cu?+ ions (see Examples 2-4 and Com-
parative Examples C and D), the ceramic coating of
Example 1 is particularly preferred since it exhibits
increased adhesion and reduced alkalinity.

Examples 2-4 and Comparative Examples C and D

The granules of Example 2 were made in accordance
with Procedure II, while the granules of Example 3
were made by Procedure II except that the slurry used
to produce the second coating included 5 parts titanium
dioxide. The granuiles of Example 4 were identical to
the granules of Example 2 except that ZFP and borax
were omitted in the seal coating to determine the effect
on leach rate.

The granules of Comparative Example C were raw
greystone rock coated only with the first ceramic coat-
ing of Procedure 11, while the granules of Comparative
Example D included only the first and second ceramic

coating of Procedure 1l
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The granules of Examples 2-4 and Comparative Ex-
amples C and D were subjected to the leach test de-
scribed above, with the results shown below.

Cu?+ concentration (mg/L)

Example after 24 hr soak at 60° C., pH = 6
2 18
3 35
4 19
C 175
D 175

This data shows that the presence of a seal coating 1s
necessary to reduce the leach rate, but that the seal
coating need not contain ZFP or a borate to reduce the
leach rate. However, the ZFP and borate are preferred
because of increased adhesion and reduced alkalinity.

Various modifications and alterations of this inven-
tion will become apparent to those skilled in the art
without departing from the scope of the invention, and
it should be understood that this invention 1s not to be
unduly limited to the illustrated embodiments set forth
herein.

What 1s claimed 1s:

1. A method of inhibiting algae growth on an asphalt
shingle surface exposed to varying humidity using a
blend of copper-containing algae-resistant granules and
non-algae-resistant granules, the copper-containing al-
gae-resistant granules comprising a substrate granule
having at least one inner ceramic coating layer compris-
ing cuprous oxide and a seal coating having a thickness
covering the inner layer and which is at time t, devoid
of copper, the method comprising the steps of:

(a) selecting a period of time t; during which effective

algae inhibition on the surface is to be achieved;

(b) selecting an initial loading of cuprous oxide in the
inner ceramic layer of the copper-containing algae-
resistant granules;

(c) calculating a weight ratio of copper-containing
algae-resistant granules to non-algae-resistant gran-
ules to achieve a leach rate of copper 1ons through
the seal coating of the copper-containing algae-
resistant granules at time trnecessary to achieve
effective algae inhibition on the surface at time tg
and

(d) providing the copper-containing algae-resistant
granules and the non-algae-resistant granules in the
weight ratio calculated in step (c) on an asphalt
shingle surface.

2. Method in accordance with claim 1 wherein said
seal coating comprises zinc oxide and a borate com-
pound.

3. Method in accordance with claim 2 wherein said
zinc oxide 1s present at a weight ranging from about 1 to
about 5 grams zinc oxide per kilogram substrate gran-
ules, said zinc oxide having an average particle size less
than about 0.13 micrometer, and the weight ratio of said
zinc oxide having an average particle size less than
about 0. 13 micrometer to said borate compound ranges
from about 0.5:1 to about 2:1.

4. Method in accordance with claim 1 wherein said
Inner ceramic coating comprises first and second ce-
ramic layers.

5. Method in accordance with claim 4 wherein said
first ceramic layer comprises the reaction product of an
alkali metal silicate and an aluminosilicate, and further
comprises a copper compound, said copper compound
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present in an amount ranging from about 20 grams to
about 40 grams per kilogram of substrate granules, and
wherein the second ceramic layer has substantially the
same composition as the first ceramic layer.

6. Method in accordance with claim § wherein said

alkali metal silicate comprises Nay(O0:Si0; having a
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welght ratio of Si0O; to NajO ranging from about 1.4:1
to about 3.735:1.

7. Method in accordance with claim 1 wherein said
algae-resistant granules include a pigment in said seal
coating, said pigment selected from a group consisting
of carbon black, titanium dioxide, chromium oxide,
yellow iron oxide, phthalocyanine green, red iron ox-

ide, metal ferrites, and mixtures of thereof.
&K X % * *
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